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Abstract 
Measurements of vents wind velocity of smoke control system in metro station prove it is a universal problem that the long air 
duct can’t distribute air equally. Therefore, mathematical simulation of fire smoke flow in tunnel has been done under three 
smoke extract system modes. Results show the temperature in non-uniform smoke exhaust system is the biggest near the fire 
source; the uniform smoke exhaust system can control smoke movement well. Therefore, it is crucial to make every vent equal 
velocity in the long smoke removal pipe. 
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1. Introduction 
In actual engineering, vents of smoke control system often have different velocity for the following two reasons: 
Firstly, for some narrow and long building, air duct is corresponding long. If appropriate measures haven’t been 
taken, it is difficult to achieve uniform exhaust velocity; Secondly, differences in the actual operation and design, air 
leakage caused by poor manufacture of duct and the hydraulic characteristics of pipeline deterioration due to 
building a long time make the fans action can’t reach to the end of system. However the mechanical exhaust system 
is very important for people to evacuate when fire happen since it will exhaust heat and smoke which threaten 
people. So it is necessary to study whether non-uniform air extract distribution will effect smoke movement. 
 Many scholars have done much work on mechanical exhaust system performance with different vents layout and 
velocity. Chen[1] studied smoke movement in gymnasium and pointed that over-assembled smoke exhaust will lead 
to plug-holing phenomenon and replacing the one large fan with multiple fans with smaller capacity is one possible 
remedy by avoiding too strong suction of air. Zhong[2] investigated the influence of vent velocity and height on 
mechanical smoke exhaust efficiency in subway station. Results show that both the increase of the vent height and 
the lowering of the lower edge of the smoke curtain can improve the smoke exhaust efficiency. Increasing the flux 
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of vent without changing the exhaust vent area can lead to smoke extraction efficiency decreased to less than 50% 
because too large air velocity may result in suction through smoke layer. Steve[3] examined the possible effects of 
various make-up air supply arrangements and velocities in an atrium smoke management system. Jing[4] established 
A mathematic model of smoke flow in high-rise building and used a k-İ three-dimensional turbulence model with 
two equations to simulate the effect of smoke-exhausting way and smoke-exhausting position on the smoke 
distribution in the walkway under the natural ventilation. He concluded that arranging the exhaust outlet near to the 
room on fire can gain high efficiency of smoke exhaust. Ji et al.[5] investigated smoke exhaust efficiency in long 
tunnel and research results show that when the exhaust openings are operated in the stage of one-dimensional 
horizontal spread, the turbulent entrainment effect at the smoke layer interface would be evidently intensive, leading 
to a poor smoke control effect. It is recommended to operate the exhaust openings in the range of the longitudinal 
distance to fire source less than 1.33 times of the channel width. Long[6] puts forwards that opening the two flue 
outlets near the fire source can increase the safety coefficient for personnel evacuation compared with opening all 
outlets in a tunnel with ceiling. 
The law of fire smoke movement under Mechanical exhaust system action is complex, this paper uses on-site 
measurement and Fire Dynamic Simulator(FDS) [7-9] codes selecting the typical building with long air duct - metro 
station rail area as the fire scene to study the laws of smoke propagation under different uniformity smoke extraction 
velocity. 
2. Experiments 
Subway station is a typical long and narrow structure. Its smoke control system is generally divided into two 
subsystems bounded with centerline of station. Each subsystem has fan, air duct, vents and so on. The vent at the 
end of station is near to fan and the vent at the center of the station is the end of mechanical system. One exhaust air 
duct coverage the region with length of 40 to 70m. Taking the mechanical system of a subway station public area as 
an example, the deviation of outlet air flow measurements from the theoretical value is shown in Figure 1. The 
maximum deviation percentage of vent air velocity can reach 50%. 
 
 
Fig. 1 Deviation percentage of vent velocity between measurement and theoretic value 
The duct at the upper of the track area in metro station usually is concrete construction, so air leakage problem is 
particularly severe. The velocity of the vent at end of the duct is almost 0. Moreover the problem of duct system in 
track area is more difficult to find compared with the mechanical system in the public areas of subway station such 
as platform and waiting hall where mechanical system will also operate in normal to provide suitable environment 
for people. Therefore in this study duct system in track area is selected as investigate area. 
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3. Fire simulation 
3.1. Geometry model 
The purpose of the study is analysis of the impact of uneven exhaust flow on smoke movement, so the 
computational region is station track areas, which can simplify model and highlight the research focus. 
According to the current status of domestic and international subway stations size [10] [11], the geometric 
dimensions of the model is 180 m(length) × 4 m(width) × 6 m(height). Origin fire source is located at the center of 
XY plane. Model geometry and coordinate system is shown in Figure 2. 
 
 
 
Exhaust vent
Fire source
Fig 2 Coordinate system and geometry model 
3.2. Fire source 
Fire source is set at the central floor of the track area because here is the exhaust system terminal and vent extract 
velocity is small. According to some relative research about fire size of train station maximum fire heat release rate 
is identified 5M [12-14] and burning area is determined 2m × 1m. Heat release rate of growth curve in FDS 
simulation is shown in Figure 3. The material around the fire source is set to not be ignited in the whole computation 
process. To highlight the movement of smoke, in FDS simulation polyurethane is adopted as combustion reaction 
material and soot yield of fraction is 0.1. 
 
 
Fig 3 Transient heat release rate in the numerical simulation  
3.3. Ventilation system 
Track ventilation system Usually extract smoke in the case of fire. One exhaust fan is set at each end of the 
tunnel whose air extraction flux is 50m3/s. In order to simplify computation a group of vents is treated as one vent. 
According to the results of vents air flow measurements, the velocity of each vent is set as shown in Table 1. Vent 1 
is closest to fan. The centerline of the tunnel is the axis of symmetry, 12 vents is arranged along the length of tunnel. 
The dimension of each vent is 2.5m × 1m. 
Table 1 Air extraction velocity of vents (m/s) 
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Mechanical system mode Vent 1 Vent 2 Vent 3 Vent 4 Vent 5 Vent 6 
Uniform air velocity 3.5 3.5 3.5 3.5 3.5 3.5 
And another entry 7.5 5.5 3.75 2 1.5 1 
4. Results an Discussion 
Through numerical calculation, smoke spread, smoke layer height, visibility and the temperature distribution can 
be gained. By comparing and analyzing these results, smoke movement characteristics can be summarized so that 
smoke control performance with different modes further be concluded.  
4.1. Smoke spread 
Smoke propagation in the central longitudinal plane is shown in figure 4 to 6. 
 
 
a. without mechanical system 
 
b. non-uniform mechanical system 
 
c. uniform mechanical system 
Fig. 4 t=67s smoke distribution contour 
Some results can be seen from Figure 4: after simulation started 67 seconds, smoke has spread to the tunnel end 
under without mechanical smoke exhaust system model; smoke was controlled within 25 meters away from the fire 
source under smoke extraction mechanical system with non-uniform air velocity; the total length of the smoke 
filling length is 35m under uniform smoke exhaust system mode. Without mechanical smoke extraction system 
smoke spread at the top of the tunnel and descent when it move to the end of the tunnel. Under the action of the 
smoke exhaust system, the clear interface between the hot, smoke-laden upper layer and the cooler lower layer don’t 
develop, but the smoke spreads slowly and mainly accumulates near the fire. 
 
 
a. without mechanical system 
 
b. non-uniform mechanical system 
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c. uniform mechanical system 
Fig. 5 t=300s smoke distribution contour 
As shown in Figure 5, after 300 seconds, smoke has been removed completely under uniform smoke exhaust 
mode; there is little smoke in 40m ~ 50m away from the fire under uniform smoke exhaust; without mechanical 
system smoke move to the end of the tunnel and then turn back because smoke can’t be extraction by natural 
ventilation timely. If mathematical computation continues, smoke can be extracted after simulating 420 seconds 
under non-uniform mechanical system which delay 100 seconds compared to uniform ventilation mode. As shown 
in Figure 6, without mechanical system smoke still fill with the tunnel after the simulation has operated 350 seconds, 
but at center of the tunnel smoke reduce obviously. The reason is that smoke can only be removed through the end 
of tunnel. 
 
 
Fig. 6 t=350s smoke distribution contour without mechanical system 
4.2. Smoke Layer Height and Visibility 
Visibility indicates smoke filling level in fire compartment and decides whether people can evacuate successfully. 
In SFPE[15] the visibility is 13 meters for people familiar with the building and 4 meters for the personnel 
unfamiliar with the building. In this research, the visibility changes with time at xyz equal to 20, 0, and 2.3 is shown 
in Figure 7. 
 
 
Fig. 7 The visibility at x=20, y=0, z=2.3 under three modes 
The following results can be summarized as shown in Figure 7:  
(1) Due to mechanical smoke exhaust system positive action on smoke removal, when the fire extinguished, the 
smoke visibility of the tunnel gradually increased. The visibility under uniform exhaust system is better than that 
under the non-uniform exhaust smoke system. If there is no mechanical system in the tunnel, the visibility will keep 
low for long time after fire extinguished since smoke can’t be removal promptly. 
(2) In this simulation, uniform exhaust system can always maintain the visibility inside the tunnel within a safe 
evacuation range. 
(3) Under the uneven ventilation mode, that the vents with lower velocity near the fire can’t remove smoke in 
time result into smoke spread further. Adding to the effect of air disturbance and cooling the visibility is poorest. 
Under non-ventilation mode smoke layer stratify obviously because don’t subject to interference. So in early stage 
of the fire development, the visibility at measured points under non-ventilation is better than uneven ventilation. 
Smoke layer height change with time is shown in Figure 8 when x equal to 0 and y equal to 0. As shown in Fig8, 
we can generalize: 
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Fig. 8 x=0ˈy=0 smoke layer height  
(1) In this fire scenario studied, when the fire extinguished, smoke layer ascends under three modes. Mechanical 
system with uniform velocity will exhaust smoke completely where fire have ever happened after fire burn out for 
about 40 seconds; under uneven smoke model, height of smoke rose slowly because exhaust air velocity is smaller 
at x=0m; however without smoke facilities, smoke layer height ascended firstly, then decreased to about 1.5m. The 
main reason is that the tunnel cross-section relative to the length of the tunnel is so small that smoke can’t be 
extracted in time. As shown in Fig5a smoke returned to the middle region after it moved to the end of the tunnel. 
(2) Smoke layer height under uniform exhaust system is higher and reaches 6 meters more quickly, compared 
with that under the non-uniform system. Mechanical system with uniform velocity can exhaust smoke more 
effectively. This shows that although the total exhaust volume is equal, when fire happen where vents velocity is 
low, smoke can’t be removal promptly. so non-uniform mechanical system can’t effectively control the spread of 
smoke in the distance and speed.  
(3) The smoke layer fluctuates with time. It mean that fire heat and extract vent air velocity can disturb local 
smoke layer height. So since the overall trend of smoke flow is certain, there is some uncertainty instantaneously.  
4.3. Temperature 
Temperature distribution is an important control evacuation targets which can indicate smoke movement. Under 
three models, x = 8m, y = 0m, height = 6m, 3m, 1.2m, the temperature change with time is shown in Figure 9. 
 
a. without mechanical system 
 
b. non-uniform mechanical system 
 
c. uniform mechanical system 
Fig.9 x=8mˈy=0mˈtemperature change with time 
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Some results are following as can be seen from the Figure 9: 
(1) In the scenario studied, the temperature at height of 3m and 1.2m are lower than 60ć the maximum 
temperature that safe evacuation need under three modes. The temperature of 1.2m basically does not change with 
time, which means smoke layer didn’t descend to below 1.2m.  
(2) In the early stage of fire development, the temperature curve slope of uniform smoke exhaust system at a 
height of 6m is the maximum in three modes, which mean the temperature increased most rapidly to maximum 
value. After the fire, under the action of the smoke extraction system the temperature inside the tunnel faster recover 
to the original temperature than that without the exhaust system. The average temperature under without smoke 
extraction system during the fire is lowest. Mechanical system will disturb smoke stratification and result in higher 
average temperature.  
(3) At the height of 3m, the temperature under uniform exhaust smoke system change most obviously, however 
temperature under without exhaust system basically does not change. This shows that in the simulated fire power, 
the greater exhaust velocity produce greater disturbance of the smoke layer. In the smoke control system, if building 
can provide enough smoke accumulation space, a smaller smoke extraction velocity can maintain the stability of 
smoke stratification and provide tenable environment. 
Under three models, the temperature at height of 5.2m far away from the fire 0m, 10m, 20m and 30m, change 
over time is shown in Figure 10. Some results can be drawn from Figure 10:  
(1) Under without smoke extraction system mode, the temperature at different distance away from fire change 
over time and reach to the maximum point of curve in sequence. Contrasted with the mode of mechanical exhaust 
system, there is little fluctuation in the curve of without extraction smoke system. That indicates the smoke layer is 
not disturbed and move stably. 
(2) When x equal to 0 and 10, the temperature has little different in three models; At the location away from the 
fire 20m and 30m, the temperature of uniform exhaust mode is lowest and decreased most rapidly to initial 
environment temperature after burning out. It can be concluded that uniform extraction smoke system can control 
the spread of fire smoke best. 
 
 
a. without mechanical system 
 
b. non-uniform mechanical system 
 
c. uniform mechanical system 
Fig.10 the temperature change with time at different distance 
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5. Conclusions
Through numerical simulation study, the characteristics of smoke spread in subway station tunnel were obtained 
under in the absence of smoke extraction system, uneven exhaust air velocity system and even exhaust air velocity 
system. The main conclusions are as follows:  
(1) Due to the uneven smoke extraction velocity of non-uniform system, its visibility near the fire source in early 
stage of fire is poorer than without exhaust system. 
(2) Smoke control performance will be better in well-distributed vents display and extraction velocity than in the 
uneven smoke extraction velocity. That is because low extraction velocity in local area result in that smoke can’t 
remove timely. Therefore some actions must be taken to find and resolve uneven air extraction problem. 
(3) The above studies were conducted in certain fire power and smoke yield condition. When the fire size is 
increased to 10MW and the surrounding material was ignited, smoke can’t be removed promptly in the three models. 
Therefore, in smoke management system design, the total amount of exhaust smoke should be greater than 
production is primary rule, and the same important is the uniform vents layout and air distribution since that will 
affect the flow filed. Make sure that the terminal vents in the long duct can extract smoke efficiently will reduce the 
risk of fire smoke. 
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